Ve showed earlier [101 that the region of the bla promoter of Tn3 protected by the RHA-polymerase (REAP), has the normal size (about 60bp) at RJAP/promoter molar ratio r(2, but rises to about twice this extent as r increases. Ve confirm here that the species corresponding to normal and extended footprint distinguish by their electrophoretic mobilities. Furtheraore, inspection of the complexes by electron microscopy confirms that at r>2, the bla promoter can bind specifically a second RIAP particle, as compared to the 1:1 complex observed at r(2. At r>2, the ability of the bla promoter to initiate transcription in vitro is repressed when compared to the complex 1:1 obtained at r<2. The unexpected decrease in Initiation efficiency as the concentration of RBAP particles i6 increased, together with the striking sequence honology of the bla promoter with promoters of stable RHA, suggest that in vivo, this promoter could be regulated by growth rate.
from Tn3, generally considered constitutive, particularizes by an oversize footprinted area, extending from +20 tp -100 [10] , which is observed above 10 RHAP particles per promoter. The presence of two complexes characterized by their electrophoretic mobilities suggested that RHAP particles could complex specifically with a single bla promoter sequence [131. Ve also reported earlier inhibition of transcription activity upon rising RHAP concentration, as measured by the abortive initiation assay [143. In the present study, we demonstrate that a 2:1 RJAP promoter complex can indeed build up, and that the inhibition of the transcriptlonal activity sets on as the 2:1 complex appears.
MATERIALS ABD METHODS

Proaoter fragrant.
A 267bp Hphl-EcoRI fragment and a 253bp Fnu4HI-EcoRI fragment, both containing the bla promoter have been isolated from pAT153 [153, and labelled with 32 P at the EcoRI, 3' or 5', ends. For electron microscopy experiments, a 460bp Taql-TaqI fragment bearing the bla promoter has been isolated from pBR329.
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Shene 1: Localisation of the bla promoter relative to the restriction sites.
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E.coll RJA polynerase was prepared according to 1163. The preparation had 80-90* 0-subunlt minimum. From titration experiments using the abortive initiation assay, we found that our enzyme preparation contained a minimun of 44% active molecules [143. A similar result was found by the nitrocellulose binding assay C133.
AgfirxiRfl gftl T-CTturriii-t-lrm.
This technique can reveal different types of complexes discriminated by the migration rate through a gel. The binding reactions were performed in lO^il buffer B (10 mX Tris HC1 pH 7.9; 100 nX laCl; 10 mX XgCl 2 ; lmX DTT; 0.1 mX EDTA). 2.10-°X radiolabelled DIA fragment bearing the bla promoter were mixed with variable concentrations of RIA polymerase as described in detail in legend to figure la and lb. RHAP was incubated with DHA fragments for 30 minutes at 37 "C, followed by a heparin challenge (100 ug/ml final concentration) for 1 minute (Heparin removes the unspecifically bound enzymes and segregates the free molecules of polyaerase). A solution of 501 glycerol, 0.1* bromophenol blue was added (1:10 v/v) and the samples were immediately loaded onto a 1* agarose gal in TBE buffer (90 mX Trie ; 90 mX HsBOa ; 2.5 mX EDTA). The gel was electrophoresed at about 8 V/cm for 45 minutes at 37X, dried onto Vhatman 3 XJI paper and autoradiographed with Fuji RX film.
Xethods for preparation of electron microscopic grids and techniques used for electron microscopy were as described in [17, 18, 191 with the following modifications:
-Glow discharge of the grids was omitted, -The adsorption of polylysine was facilitated by applying an electric field (about 1000 V/cm) between the grid (at 0 Volt) and a parallel aluminium plate above it. Xicrographs were obtained on a Philips EX 410.
The binding of RHA polymerase to DBA was carried out in 10>il buffer B. 5nM of the 253bp ( fig.2) or 460bp (fig. 3 ) fragments containing the bla promoter were mixed with R5AP at concentrations varying between 30 and 200 nJC. Incubation time was 30 to 45 min at 37X.
To segregate the free or the unspecifically bound RFAP, we have used K13 single stranded DHA as a competitor at about 2 >ig/ml. Each single stranded X13 DHA binds many RBAP and appears very compact. Therefore even at high RHAP concentrations non specifically bound RJAP particles did not show up in the e.n. observation field, as they were sequestered by single stranded M13 DHA (see figure 2c) .
fn vitro trtwft
Transcription experiments have been performed in buffer B. 5 nH 253bp EcoRI-Fnu4HI fragment bearing the bla promoter fragment was transcribed after preincubation (45 1 at 37 -C) with 1 to 140 nX RBAP ( fig. 4 ). Final nucleotide concentration was 300 uX (ATC, CTP, GTP) and 30 uX UTP, including 33 P OTP at 15 Ci/mXole. In challenge experiments, the final concentration in heparin was 100 ug/ml. Various transcription procedures were assayed and are described in the legends to figure 4. In each case, the reaction was halted upon addition of 4 |il of 5t SDS, 0.1 X EDTA, 10 jig tRJTA. After two ethanol precipitations, the sample was dissolved in 5 jil of 80* formanide, 1 mX EDTA, 0.05% xylene cyanol, heated to 90" for 2\ chilled on ice and layered on 8% acrylamid gel, 7 X urea.
Control of transcription experiments have been performed with the 267bp EcoRI-HphI fragment bearing the bla promoter ( fig.4c ).
2.6. Control «rpm-1»mit«.
The control experiments without RHAP were performed in presence of heparin as competitor.
-The unusual behaviour of the bla promoter is specific and due to intrinsic properties of the promoter and neighbouring sequences: It persists with different RHAP preparation and conversely no 2:1 complexes were found in control experiments with fragments of comparable lengh bearing the tetS promoter.
-In vitro transcription experiments assayed without heparin exhibit similar results as in presence of a heparin challenge, but with stronger background noise.
-All experiments were repeated at least three times in same conditions to confirm the results.
-The results were quantified by scanning autoradiographies in a Shinadzu CS-930 densitoneter. However, our data did not provide decisive arguments for refuting alternative structures of a 1:1 RHAP/promoter coupler, which could also account for the oversize contact pattern observed (extended wrapping of bla promoter around one R5AP particle for instance). A first step towards the unequivocal characterization of the complex was to determine its stoechiometry.
The 253 A second complex shows up at r values exceeding 1.5; its electrophoretic nobility is also specific and slower than that of the former complex.
Vhen titration experiments were conducted at high RHAP concentration (r>25), the bla promoter enters a single complex only, as Judged from gel retardation experiments (fig. lb, lanes 10 to 12) . This complex migrates at the same rate as the 1:1 complex observed at low concentration (r<2); no bands can be detected at the place where the 2:1 complex would be expected. As described below, this "1:1 like" complex is unable to promote transcription at a detectable level, using the sane conditions where the true 1:1 complex is active.
These results are fully consistent with a first, then a second RIAP particle binding specifically on the bla promoter, ae the molar ratio r approaches and exceeds 2. nevertheless, it is still conceivable that above a critical r value, a 1:1 RHAP-bia promoter complex equilibrates between two species distinguishing by their electrophoretic mobilities (see for Instance [20] ). Ve decided therefore to make a visual inspection of the bla cooplex by electron microscopy. Fig. 2a and 2c and 3a) .
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Due to the short size of the DIA fragment bearing the bla promoter (253bp), the extremities of the fragment could not be easily identified on the micrographs. To rule out the possibility that RHAP sticks to the DHA extremities (for which RHAP is known to have some affinity), we repeated the experiment with a 460bp TaqI fragment bearing the bla promoter approxlmatly Incidently, two bands of run-off transcripts are seen in all lanes, fig. 4 . They correspond to transcripts differing by 11 bases i.e. 78 and 67 bases long. The length of the largest transcript corresponds to the run-off initiated at the start site (+1) which was shown previously to be on G (+1) or A (+2) C14, 211. Both bands exhibit the same one base microheterogeneity and parallel intensity variations as RIAP concentrations are changed. Under identical conditions, transcription from the template extending to the HpHI site (EcoRI-HphI 267bp, exceeds EcoRI-Fnu4HI by 14bp) produces a single band only (Figure 4 ). Taken together, these observations strongly suggests that both transcripts observed with the EcoRI-Fnu4HI template do start at +1 and +2, but the shorter corresponds to RHAP pausing at +67. Indeed, a pause site at that address has been mapped (A. Larousse et al., submit for publication). For unknow reasons, the strength of this pause site seens to be strongly enhanced by the proximity of the Fnu4HI end of the template.
Results from titration and in vitro transcription experiments are summarized in figure 5 . Our earlier structural study of the conplex formed between RHAP and the bla promoter [101 showed that its structure depends on RHAP concentration. Above some threshold value of the RHAP/promoter ratio (r>10), the footprint extends to about twice the size observed at lower ratios; simultaneously, gel retardation experiments indicate formation of two coexisting complexes differing by their electrophoretic mobilities. These results were found consistent with, but not a proof of, the occurence of a 2:1 RHAP/promoter complex. Our present results fron electron micrographic studies bring direct and definitive evidence that a 2:1 RIAP/bla promoter complex can indeed build up. To our knowledge, this is the first time a promoter is shown to be able to accomodate two RIAP particles simultaneously, at variance with the behavior of tanden promoters (.lac operon proaoters for instance) where complexation of one promoter by ESAP precludes complexation of the companion promoter.
Ve carried out additional gel retardation experiments, to determine accurately the RIAP/promoter ratio at which the 2:1 complex fornation (corresponding to the slower migrating species) seta on, and also to measure the partition between 1:1 and 2:1 complexes as .a function of RIAP concentration.
Due to technical limitations, the onset ratio cannot be measured with high accuracy. The slower migrating complex is not observed at a ratio (2 but clearly shows up at r=4.5. r is relative to the total number of MAP particles present, 44% of which are considered active <see materials and methods section). Hence the slower complex begins to fora at 2 active RIAP particles per promoter. As the ratio is rised, the amount of this species increases at the expense of the faster moving one; the latter is present in small amounts only, above 10 active RIAP per promoter. At still higher ratios (above 50 active RIAP per promoter) the slower complex no longer exists and a species remains, characterized by the same mobility as the monomeric species observed at low RIAP concentration. Inhibition of the bla promoter activity by excess RBAP begins at 2 RBAP particles per promoter in vitro, which corresponds to physiological values, since free RHAP concentration is estimated to 30 uK in the B. coll cell [29] , If the structural and functional properties of the bla promoter, as described in vitro, persist in vivo, it is likely that this pronoter would be under control of both stringency and growth rate, as suggested by the sequence homologies just discussed.
Stringent response Is known to modulate RHAP binding to the concerned promoters. Since bla promoter complex 1:1 forms before complex 2:1, binding of RBAP to the upstream bla promoter region is presumably weaker than to the regular binding site, or is enhanced by the downstream complex. In complex 2:1, the upstream RHAP would thus be the primary target of the stringent response, which would therefore reduce the ratio of 2:1 to 1:1 complexes. In contrast, increased growth rate corresponds to a higher number of RBAP particles [30] , hence an increase of 1:1 respestively to 2:1 complexes. Because of the inhibition of the bla promoter activity by excess RHAP, it can be hypothesized that stringency would trigger activity of the bla promoter, but rise of growth rate would reduce it. Paradoxically, this behaviour would be just the opposite of that of stable RBA promoters, because for the latter increasing RBAP level rises their activity. In the case of bla, this could be a control mechanism enabling a constitutive promoter to provide approximatly constant gene expression, under a variety of environmental conditions. 
